(H, T, ZT) and electronic properties is lacking. In this theoretical study, alloying is 11 proposed as a method to stabilize the MoS 2 T-phase. In particular, MoS 2 is alloyed with 12 another material that is known to exist in a monolayer MX 2 T-structure, and we show 13 that the formation energy difference among phases decreases even for low impurity 14 concentrations in MoS 2 , and a relationship between impurity concentration and alloy 15 band gap is established. This method can be potentially applied to many two-16 dimensional materials to tune/enhance their electronic properties and stabilities in order 17 to suit the desired application. 18 A mong two-dimensional transition metal dichalcogenides 19 (TMDs), MoS 2 has attracted the most attention due to its 20 semiconducting characteristics and its direct band gap that 21 make it suitable for a large number of applications. MoS 2 has 22 been applied in electronics as a FET channel, 1 in energy storage 23 as lithium-ion battery anode or cathode, 2 or in catalysis for CO 2 24 reduction 3,4 or hydrogen evolution 5 reactions. Monolayer MoS 2 25 is known to exist in different phases: H, T, and ZT. 6 The 26 former is thermodynamically stable and semiconducting with 27 an experimentally reported band gap of 1.9 eV. 7, 8 By contrast, 28 the metallic T structure was found to undergo a Peierls 29 transition to the distorted ZT structure. 9 Upon relaxation to the 30 ZT phase, a small energy gap (theoretically predicted to be 31 around 0.02 eV 10 ) is opened. Recently, much effort has been 32 made to stabilize T phases over H with the aim of gaining 33 enhanced electrical performance, such as lower contact 34 Schottky barriers, 11 or better catalytic activity due to the 35 improved electron transfer of the metallic phase. 12 Although 36 several techniques were proposed so far, such as alkali metal 37 intercalation, 10,13,14 straining 6 and surface functionalization, 15, 16 38 proper control of the transition is yet to be achieved. 39 In this theoretical work we propose a new route for the MoS 2 40 T phase stabilization: alloying with an MX 2 (M: metal, X: 41 chalcogen atom) material for which the T phase is the 42 thermodynamically stable one. In particular, SnS 2 is found to be 43 a suitable candidate for such a purpose, since it is known to 44 exist in the T phase only. 17 The advantage of alloying is that 45 together in Figure 1 , where the two reference energies are T- for reference. (Table 1 and right side of Figure 1 ). As tin is added within the 192 MoS 2 layer, the formation energy of the H phase increases, 193 while formation energies of the T and ZT phases decrease until 194 they become the most stable ones in the Mo-rich side of the 195 plot, at around x = 0.6. Due to this simultaneous effect, even 196 with a small amount of impurity atoms in MoS 2 , the energy 197 difference among phases at fixed concentrations is reduced. 198 Already at x = 0.8, the ZT/H formation energy is lowered by 199 ∼50% compared to the pure phases. Hence, alloying has a large 200 impact on the MoS 2 phase balance. The more Sn atoms, which 201 would prefer to arrange in the T phase, the easier it is to turn 202 H-MoS 2 into the T/ZT phase. The opposite trend is seen in 203 the Sn-rich portion of the phase diagram (left-hand side of 204 Figure 1 ). However, due to the position of the phase crossover 205 point at x = 0.6 arising from the higher energy difference of the 206 pure SnS 2 phases with respect to the MoS 2 ones, the phase 207 energy difference is slowly reduced as Mo is added. 208 Remarkably, the T and ZT phases coincide in the CE graph 209 in Figure 1 . The only point in which the two phases differ is the 210 undoped case that, as stated before, does not exist. Inspection 211 of the DFT structures used to interpolate the CE showed no 212 substantial dissimilarity among structures arising from T and 213 ZT expansions; all Mo-rich alloys showed the same puckered Mo atoms (shown in blue in Figure 5 ). As seen in Figure 5 , the 
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Letter 313 electron−hole pairs are photogenerated in H-MoS 2 , holes can 314 easily diffuse into the metal due to band bending at the 315 interface for a n-doped semiconductor. Electrons, by contrast, 316 are blocked by the 1.26 eV Schottky barrier so that a net 317 photocurrent can flow through the device. Doping H-MoS 2 318 with the opposite polarity could lead to interesting optical 319 devices for light detection. In this case it is the 0.32 eV h-SB 320 that plays the main role thanks to the internal photoemission 321 process: 34,35 when photons with energy between h-SB and the 322 MoS 2 band gap impinge on the junction, holes from the metal 323 side jump above the barrier and are injected into the 324 semiconductor giving rise to a net photocurrent. Due to the 325 small barrier height, such a device could detect light down to 326 the infrared range. Even assuming a gradual change in doping 327 concentration of the H−Mo x Sn 1−x S 2 side, the junction will still 328 result in a metal−semiconductor interface since for low 329 substitutional concentrations of Sn in H-MoS 2 , the alloy 330 behaves as a metal (see Figure 3a) . Thanks to the large 331 concentration range of metallic alloys, there is no need for 332 precise doping to achieve a MS junction. 
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